ABSTRACT: Saxitoxin (STX)-producing blooms of the toxic dinoflagellate genus Alexandrium have been responsible for devastating ecosystem-wide impacts in coastal waters of the northeastern USA. In the summer of 2009, a severe Alexandrium bloom in New England coastal waters cooccurred with a shortnose sturgeon Acipenser brevirostrum mortality event in Sagadahoc Bay, Maine, USA. Thirteen individuals of this endangered fish species were found dead on 10 July 2009, and this die-off was associated with extremely high Alexandrium cell densities, recordbreaking toxin burdens (> 80 000 ng g −1 ) in shellfish, and closures of shellfish beds affecting nearly the entire Maine coastline. STX-like activity was detected in sturgeon (n = 3) stomach contents and liver and gill tissues via neuroblastoma assay and receptor-binding assay at con centrations ranging between 37 and 2300 ng STX-eq. g −1 (STX equivalents per gram sample). Stomach content analyses of the 3 necropsied sturgeon carcasses showed a large number of amethyst gem clams Gemma gemma. Liquid chromatography-mass spectrometry confirmed the presence of STX and related congeners in sturgeon stomach contents, at concentrations between 311 and 743 ng g −1 . The present study marks the first reported detection of STXs in shortnose sturgeon, and provides evidence of trophic transfer of Alexandrium toxins as a potential cause of mortality in this event, as well as a threat to the health of this endangered population of fish.
INTRODUCTION
Harmful algal blooms (HABs) are known globally for their devastating impacts on aquatic organisms, coastal economies and human health, primarily as a result of exposure to biotoxins produced by toxic marine phytoplankton (Hoagland et al. 2002 , Landsberg 2002 , Kirkpatrick et al. 2004 . Several classes of HAB toxins have been identified as contributing factors in large-scale mortalities of marine wildlife and are responsible for various shellfish poisoning syndromes in humans (Van Dolah 2000 , 2005 , Landsberg 2002 . In coastal waters of the northeastern USA, blooms of the toxic dinoflagellate genus Alexandrium cause frequent, severe HABs, and have been the cause of recurrent shellfish harvesting closures, as well as marine mammal, seabird and finfish mortalities (Sasner et al. 1975 , White 1980 , Anderson & White 1989 , 1992 , Geraci et al. 1989 , Anderson 1997 . Alexandrium blooms produce a suite of related toxic compounds known as saxi toxins (STX), which are responsible for the human illness known as paralytic shellfish poisoning (PSP) when associated with consumption of contaminated bivalve shellfish. These compounds are highly neuro toxic, with a toxic potency 100-fold greater than sodium cyanide (Deeds et al. 2008) . Like other HAB toxins, the negative effects of STXs on coastal ecosystems are primarily manifest through consumption of toxic plankton by filter-feeding aquatic organisms such as bivalves (e.g. mussels, clams) or small, schooling planktivorous fish (e.g. herring, mackerel), which can then act as toxin vectors to higher trophic levels and have devastating ecological impacts (Van Dolah 2000) . Among the more salient impacts of STX exposure on coastal wildlife is its potential role in the decline of endangered species such as the North Atlantic right whale Eubalaena glacialis population inhabiting the Bay of Fundy and adjacent New England waters (Durbin et al. 2002 , Doucette et al. 2006a ).
This HAB-impacted region of the northeastern USA is also home to the shortnose sturgeon Acipenser brevirostrum. The shortnose sturgeon is a large anadromous fish that inhabits large coastal rivers, estuaries, bays, and marine waters ranging from New Brunswick, Canada, to the St. Johns River of Florida. Shortnose sturgeon are currently listed as an endangered species throughout this range under the Endangered Species Act of 1973, as amended (Udall 1967) . The principal threats to this species' survival include pollutant discharge, habitat loss, or degradation due to channel dredging, bridge and dam construction, and mortality due to dredging, bycatch and other human inter action (NMFS 1998) . Shortnose sturgeon are a long-lived (30 to 40 yr) benthic fish mainly occupying the deep channel sections of large rivers and known to feed primarily on benthic invertebrates. Major prey items of adult shortnose sturgeon typically include gastropods, polychaetes, small benthic fishes, and small bivalves, including species known for accumulating high levels of STXs during toxic Alexandrium blooms (McCleave et al. 1977 , Dadswell et al. 1984 , Moser & Ross 1995 , Kynard et al. 2000 , Collins et al. 2002 , Bricelj et al. 2005 . Thus, in addition to the various known threats to shortnose sturgeon survival, their feeding habits and proximity to frequent HABs present a potential emerging threat to this species due to exposure to natural toxins.
On 10 July 2009, a sturgeon mortality event occurred in coastal waters of Maine. During the course of this mortality event, 13 shortnose sturgeon and 1 Atlantic sturgeon Acipenser oxyrinchus were found dead in Sagadahoc Bay, in the Kennebec River. This mortality event occurred simultaneously with a toxic Alexandrium bloom, the impacts from which are thought to be the most severe on record for this region (D. Couture unpubl. data). In fact, during the period of the sturgeon mortalities, 95% of shellfish beds in Maine were closed to harvest for human consumption due to high concentrations of STXs, resulting in a fishery failure and receipt of NOAA disaster relief funds to affected stakeholders (Couture 2009). Here we present data confirming the presence of STXs in samples collected from several shortnose sturgeon carcasses recovered during this mortality event, and discuss the implications of HAB toxin exposure in this endangered species. We also present associated environmental data describing the extent and severity of the co-occurring Alexandrium bloom and its toxic impacts on shellfish resources in the study region. The present study highlights the need for increased effort to investigate HAB impacts on already threatened populations of finfish and to understand HABs as an emerging health stressor in regions where toxin-producing algal blooms are a common occurrence.
MATERIALS AND METHODS

Fish sample collections
On 10 July 2009, 13 shortnose sturgeon Acipenser brevirostrum and 1 Atlantic sturgeon A. oxyrinchus carcass were discovered by the authors in Sagadahoc Bay, near the mouth of the Kennebec River, Maine, USA (43.766°N, 69.758°W). Three of the shortnose sturgeon carcasses were collected by the authors and frozen for subsequent necropsy, sampling, and analysis; all other carcasses were buried due to the advanced state of decomposition. Body mass (kg) and body length (fork length [FL] and total length; cm) were recorded for each animal. Full necropsies of the 3 recovered carcasses were performed, and samples of stomach contents and gill and liver tissue were col-lected for subsequent biotoxin analysis. Samples were bagged separately and kept frozen at −20°C until toxin extraction.
Shellfish toxin datasets
Data for saxitoxins in commercial shellfish are collected as part of ongoing state-wide biomonitoring efforts performed routinely by the Maine Dept. of Marine Resources. Over 270 sampling sites distributed along 5500 km of coastline were used to collect various species of bivalve shellfish and crustaceans. These stations are sampled on a weekly basis prior, during, and following the red tide season (typically spring to summer), although sampling may extend throughout the year. Shellfish samples are analyzed for PSP toxins using the standard mouse bioassay, and collection and toxin analytical methods followed those described in Couture (2007) . Toxin data in cluded in the present study are from samples (n = 4113) collected between 27 February and 8 December 2009. Blue mussels Mytilus edulis were collected at all primary stations and represent the majority of samples collected (~70%; n = 2831). Several other additional marine invertebrate species were also collected during the peak of the red tide season, including softshell clams Mya arenaria (n = 870), Atlantic surf clams Spisula solidissima (n = 32), razor clams Ensis directus (data not shown), bay quahogs Mercenaria mercenaria (data not shown), eastern oysters Crassostrea virginica (data not shown), amethyst gem clams Gemma gemma (n = 1), American lobster Homarus americanus (n = 120), horse mussels Modiolus sp. (n = 42), ocean quahogs Arctica islandica (n = 195), and European oysters Ostrea edulis (data not shown).
Saxitoxin extractions from sturgeon
Samples of sturgeon liver, gill, and stomach contents were extracted by combining 1 to 2 g of sample with an equal volume of 0.1 N hydrochloric acid, homogenizing using a handheld tissue homogenizer, and sonicating for 2 min using a Branson 450 probe sonicator (Branson Ultrasonics Corp.) at 30% power. The pH of the resulting homogenate was measured and adjusted to fall between 3.0 and 4.0. Homogenized samples were boiled for 5 min, allowed to cool to room temperature, and centrifuged for 10 min at 3400 × g. The supernatants were collected and filtered through 0.2 µm hydrophilic polypropylene (GHP/GxF) syringe-driven filter discs (Acrodisc; Pall Life Sciences). Sample extracts were further cleaned using Sep-Pack Light C18 cartridges (Waters Corporation) prior to analysis. Extracts were stored in glass vials at 4°C until analysis.
Receptor binding assay analysis
Sample extracts were analyzed for STX-like activity using a receptor binding assay (RBA) developed for PSP toxins, utilizing microplate format methods outlined by Doucette et al. (1997) and Van Dolah et al. (in press ). Briefly, the RBA measures competition between radiolabeled STX and any STX present in samples for binding to voltage-gated sodium channels in rat brain synaptosomes, the pharmacological target of STX. Used in conjunction with a calibration curve using FDA standard STX reference material (S. Hall, United States Food and Drug Administration/ Centre for Food Safety and Applied Nutrition, Washington, DC), this functional assay quantifies STXs based on their binding affinity for a specific cell membrane receptor, in effect estimating the total toxic potency of a sample. Since the endpoint of this functional assay is the composite toxicity for all receptor-bound STX congeners, concentrations are therefore reported as nanograms of STX equivalents per gram of sample (ng STX-eq. g −1 ). Sample extracts were diluted prior to analysis to eliminate interference in the assay due to non-specific binding of toxin and other matrix effects. The detection limit of this method was 31 ng STX-eq. g −1 .
Neuroblastoma cytotoxicity assay analysis
Sample extracts were further tested for STX-like activity using the neuroblastoma (N2A) cytotoxicity assay following the methods described by Manger et al. (1993) , with minor modifications (Dechraoui et al. 2007) . In this functional assay, STX sodium-dependent toxic activity was measured by the decreased viability of neuroblastoma cells treated with ouabain, veratridine, and brevetoxin. Mouse neuroblastoma cells (N2A, American Type Culture Collection, Manassas, Virginia) were grown at 37°C in a humidified atmosphere containing 5% CO 2 in Roswell Park Memorial Institute culture medium supplemented with 10% fetal bovine serum and 1 mM sodium pyruvate. Cells were added to a 96-well culture plate (3 × 10 4 cells in 100 µl, per well). After 24 h incubation in the 96-well plate, each well was treated with various dilutions of the sample extract with and without the presence of ouabain (0.5 mM), veratridine (0.05 mM), and brevetoxin (1 nM). Cell viability was measured after 18 to 24 h incubation using MTT tetrazolium salt, (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) with the absorbance of the formazan pro duct measured at 544 nm using a FLUOstar microplate− based plate reader (BMG Labtech). The limit of detection of this method is approximately 20 ng STX-eq. g −1
.
LC-MS analysis
Selected sample extracts testing positive by RBA and/or N2A methods were subsequently analyzed by liquid chromatography−mass spectrometry (LC-MS) for confirmation of STX and related PSP congeners. This analytical method separates and analyzes ionized STX based on known mass/ charge ratios (m /z), and allows for confirmation of individual toxin congeners using certified reference standards. Analyses were performed using an Agilent LC 1100 coupled to an AB SCIEX 4000 QTRAP hybrid triple quadrupole/linear ion trap mass spectro meter equipped with a Turbo V™ source (AB SCIEX). STX and related congeners were screened using a multiple reaction monitoring (MRM)-based method with the separation of toxins using a TSK-gel Amide-80 column (250 mm × 2 mm; Tosoh Bioscience) as described by Dell'Aversano et al. (2005) . Two MRM channels for each toxin congener were monitored. Certified toxin standards dcGTX2, dcGTX3, GTX1, GTX2, GTX3, GTX4, GTX5, dcSTX, dcNEO, STX, and NEO (Certified Reference Materials Program, National Research Council, Halifax, Nova Scotia, Canada) were used for toxin analysis. Other PSP toxins without standards (C toxins, dcGTX1, dcGTX4, GTX6, 11[α, β]-OH-STX) were also monitored using the MRM channels and with instrumental parameters recommended in Dell'Aversano et al. (2005), since AB SCIEX 4000 QTRAP and API 4000 instruments have almost identical structure in MRM function. The limits of detection for individual toxin standards were in the range of 1 to 20 nM with 5 µl injection for the primary MRM channel of each toxin congener. As toxin retention times shifted with the amount of injected extract volume, extracts were diluted to levels (15-fold) in which all sample toxin retention times matched those for reference standards. Samples that were positive for STXs and related congeners by the MRM method were further analyzed using enhanced product ion scan mode to confirm their presence. Only toxins in samples confirmed by matching product ion spectra with their standards were reported.
RESULTS
Sturgeon collection and necropsies
All 3 fish specimens collected for necropsy for the present study were female shortnose sturgeon Acipenser brevirostrum, and were classified as adults based on body length (> 50 cm FL) according to published age-length studies (Dadswell et al. 1984 , Bain 1997 . Specimens Abr070112009, Abr070122009, and Abr070132009 measured 60.5, 63.8, and 56.7 cm FL and weighed 1.05, 1.47, and 1.19 kg, respectively. Tissues from the fish were in good condition, and the specimens had dark red gill tissue indicating recent death. On gross necropsy, the internal organs were in good condition: the swim bladders were full, the spleens were dark red, the livers were a mottled grey, and these organs had distinct, sharp margins with no signs of discoloration or swelling. No significant traumatic lesions to the head, skin, fins, or tail were observed. A large number of amethyst gem clams Gemma gemma were found in the gut contents of all 3 fish necropsied, an indication of recent feeding. No evidence of infectious disease was found on gross examination. Viral screening performed on kidney and spleen samples detected no infectious pancreatic or hematopoietic necrosis viruses, viral hemorrhagic septicemia virus or infectious salmon anemia virus. Bacterial screening performed on kidney and spleen samples detected no known finfish pathogens (data not shown, J. Pruden pers. comm.).
RBA analyses
STX-like activity was identified by RBA in all 3 sturgeon specimens analyzed, with concentrations in positive samples ranging between 160 and 576 ng STX-eq. g −1 (Table 1 ). All 3 stomach content samples tested positive (252, 572, and 576 ng STX-eq. g 
N2A analyses
STX-like activity was also detected by N2A in all 3 sturgeon specimens analyzed, with concentrations in positive samples ranging between 37 and 2300 ng STX-eq. g −1 (Table 1 ). All 3 stomach content samples were positive (600, 1500, and 2300 ng STX-eq. g 
LC-MS analyses
Extracts of stomach contents from all 3 sturgeon were analyzed and confirmed positive for the presence of STX and its related congener gonyautoxin-3 (GTX3). Toxin concentrations detected in these samples ranged from 213 to 536 and 70 to 207 ng g −1 of sample for STX and GTX3, respectively (Table 1) .
Shellfish toxin analyses
The onset of toxin accumulation in Maine shellfish began in late April, with STX concentrations peaking in mid-May and declining until late June (Fig. 1) . By the first week of July, toxin levels detected in shellfish again began to increase, reaching a second toxicity peak on 13 July when concentrations of up to 78 000 ng STX-eq. g −1 shellfish tissue were detected in blue mussels from a station in Casco Bay, approximately ~30 km from the site of the Kennebec River sturgeon mortality event occurring on 10 July (Fig. 2) . STX concentrations in blue mussels Mytilus edulis collected during the 3 d prior to the sturgeon mortalities, and within ~35 km of the mortality site, exceeded 20 000 ng g . STX levels in soft-shell clam Mya arenaria and horse mussel Modiolus sp. samples collected from this region and during this time period (7 to 9 July) also exceeded 10 000 ng g −1 . STX concentrations in blue mussels from other stations throughout Maine during the second toxicity peak exceeded 80 000 ), and STX congeners (GTX3: gonyautoxin-3) confirmed to be present by liquid chromatography−mass spectrometry (LC-MS) (ng g −1 ). <dl: below detection limit , a value 100 times greater than the USA regulatory limit (800 ng g −1 , or 80 µg per 100 g) for seafood for human consumption (FDA 2010) . Only 3 samples were available from the mouth of the Kennebec River on the day of the sturgeon mortality event, and STX concentrations in soft-shell clam and blue mussels collected at this time and location (43.754787°N, 69.776231°W) were 1565 (mean) and 2960 ng g −1 , respectively. Amethyst gem clams (n = 1) collected on 21 July at the mouth of the Kennebec River, <1.5 km from the sturgeon mortality site, had a STX concentration of 450 ng g −1 . Overall, STX was detected at various concentrations in 6 species of shellfish collected throughout Maine during the second toxicity peak, data which are summarized in Table 2 .
Toxic phytoplankton abundance
In addition to high levels of shellfish toxicity, extremely dense cell abundances for Alexandrium sp. were also detected throughout the study re gion. A bloom of A. fundyense was observed throughout Massachusetts, New Hampshire, and Maine, and into the Bay of Fundy (WHOI 2009). Although quantitative cell densities were not re corded for the Kennebec River, surface cell counts from southern Maine during the second toxicity peak were >1 million cells l −1 , concentrations ex ceeding the highest density of Alexandrium ever reported for the Gulf of Maine (D. Couture unpubl. data).
DISCUSSION
Our results demonstrate the temporal and geographical association between a toxic Alexandrium bloom and widespread toxicity of shellfish resources occurring simultaneously with a mortality event of the endangered shortnose sturgeon Acipenser brevirostrum. The presence of high concentrations of Alexandrium cells widely distributed throughout New England coastal waters demonstrates a source of STXs in the water column and in the marine food web. The spatial extent of the Alexandrium bloom was unprecedented, and encompassed the portion of the Kennebec River mouth where the shortnose sturgeon mortalities occurred. The bloom was also present well before these mortalities were reported. The density of this toxic bloom, which reached as high as 1.7 million cells l −1 along the Maine coast, was such that it formed a visible red-colored patch of water on the date of the sturgeon mortality (WHOI 2009). State monitoring of commercial shellfish resources, which has long been used as a proxy indicator for the severity of New England HAB events, detected very high levels of STXs in multiple species of bivalve shellfish and reported harvesting closures in virtually all shellfish harvesting sites throughout Maine.
In addition to, and perhaps of greater importance than the association between a toxic bloom and sturgeon mortalities, the present study provides the first report of HAB toxin exposure in this endangered species. Our results demonstrate unequivocal confirmation of oral STX exposure in these animals by LC-MS methods: RBA and N2A analyses detected STX-like activity in sturgeon stomach contents at concentrations of up to 2300 ng g −1 of sample. The stomach contents were also found to contain a large number of bivalves Gemma gemma. This STX concentration represents a level nearly 3-fold higher than the federal regulatory limit for seafood (800 ng g −1 ), and we speculate it may have been a toxic dose to the sturgeon. While the actual concentrations of STX confirmed in stomach contents by LC-MS analyses were lower (< 800 ng g −1 ), the effects of multiple feeding bouts at this concentration over the course of several days are un known, and may have resulted in chronic, rather than acute exposure in the sturgeon. Although the STX concentrations reported for liver and gill samples differed depending on the detection method used, this likely reflects differences in the type of assay used (whole-cell cytotoxicity vs. receptor-ligand binding), as well as the proximity of the detected values to the detection limits of the N2A and RBA and differences in the degree of sample dilutions required by each assay to eliminate inter ference from matrix effects. It may also be due to the effect of the toxin profile (i.e. the number and proportion of the various STX congeners) present in the extracts having high toxic activity relative to their ), and minimum volume of stomach contents (20 ml) collected from each sturgeon, we estimate minimum STX doses of 4.7, 5.9, and 12.5 µg STX kg −1 body weight (bw; mean = 7.7) for the 3 fish analyzed in our study. Estimated doses based on RBA analyses were similar (3.4, 9.6, and 11.0 µg STX kg −1 bw; mean = 8.0), and estimates based on N2A data were somewhat greater (11.4, 20.4, and 38.7 µg STX kg −1 bw; mean = 23.5). Regardless of the detection method used, these values are much lower than reported oral LD50 doses for experimentally dosed fish (Atlantic herring, American pollock, winter flounder, Atlantic salmon, and cod), which range between 400 and 750 µg STX kg −1 bw (White 1981) . Our results are more similar to the lower range of estimated STX doses (23 to 970 µg kg −1 bw) reported for field-exposed fish (sand lance, menhaden, and herring) collected during Alexandrium-associated fish kills (White 1984) . While our reported estimates are minimum calculated doses, several factors should be noted that would hypothetically increase the estimated dose of the sturgeon to values more similar to known lethal doses, namely: (1) the stomach contents collected were actually a mixture of ingested material and sturgeon gastric fluid and are thus a 'dilution' of the original ingested STX concentration; (2) the sturgeon stomach contents may not be representative of the material that had already passed through and been absorbed by the intestinal tract, which may have contained a higher STX dose; and (3) a free-ranging fish would be accumulating STX over several feeding bouts (or continuous feeding), instead of through a single meal, and may have a total effective dose much higher than what was detected in single-dose sampling of stomach contents.
Unfortunately, as is common for reports of HAB-associated wildlife mortalities, necropsy findings were insufficient to confirm STX as the proximate cause of death in the sturgeon included in the present study. However, shortnose sturgeon are known to feed heavily on bivalves, filter-feeding organisms that are well-known for their ability to concentrate HAB toxins in the water column and make them available to higher trophic levels (Dadswell et al. 1984 , Doucette et al. 2006b ). In fact, a large number of amethyst gem clams Gemma gemma were found in all of the sturgeon recovered for necropsy from this mortality event, and tissues from this same shellfish species were shown to contain detectable levels of toxins during the second peak of shellfish toxicity. This is consistent with known feeding habits for adult shortnose sturgeon (> 50 cm FL) and for the size range (56.7 to 63.8 cm FL) of the 3 specimens included in the present study (Dadswell et al. 1984) . It is unclear whether the sturgeon were also feeding on the more toxic Mytilus edulis and Mya arenaria prior to the mortality event, or if their feeding habits incorporate these species as a normal part of their diet. Future work investigating impacts of New England red tide on shortnose sturgeon should include these 2 shellfish species as potential vectors for trophic transfer of PSP toxins. Our analytical results, combined with the concomitant detection of a toxic HAB and PSP outbreak, provide evidence for the role of phycotoxins (likely via a bivalve shellfish vector) as a potential contributor to mortality in these animals.
Wildlife mortalities due to STX exposure have been reported previously in New England waters; an unusual mortality event in 1987 involving humpback whales off Cape Cod was attributed to consumption of plankton-feeding Atlantic mackerel Scomber scombrus containing saxitoxin (80 ng STX-eq. g −1 whole fish) (Geraci et al. 1989) . During a subsequent humpback whale mortality event occurring on Georges Bank in the Gulf of Maine in August 2003, samples of feces from a dead whale were positive for STX activity (F. Van Dolah & T. Leighfield unpubl. data). Atlantic herring Clupea harengus harengus kills occurring in the Bay of Fundy in 1976 and 1979 were found to be caused by exposure to STXs (~14 000 and 640 to 2450 ng STX-eq. g −1 stomach contents, respectively) produced by Alexandrium sp. (White 1977 (White , 1980 . Large die-offs of common terns Sterna hirundo occurring on Monomoy Island, Massachusetts, in 1978 (Nisbet 1983 ) and in 2005 (T. Leighfield unpubl. data) have also been attributed to STX exposure via consumption of contaminated prey items. In addition, since HAB toxins are commonly distributed throughout marine food webs during a bloom, HAB-related wildlife mortalities often simultaneously affect multiple species (Landsberg 2002) . In fact, a common eider Somateria mollissima mortality event occurring near Cape Elizabeth, Maine, was observed 3 d after the sturgeon mortality described in the present study, in which gastric and intestinal contents collected from these birds were also confirmed to be positive for STX (> 500 ng g −1 ; S. Fire unpubl. data). The similarity between the STX concentration ranges reported above for previous wildlife mortality events and the STX values reported here (252 to 2300 ng g −1 ) suggest that sturgeon from the present study may have been exposed to lethal doses of STX. However, since experimental STX dosing of finfish has shown substantial variability in neurological effects between species, as well as between different age classes of the same species (Lefebvre et al. 2005) , additional exposure data are required before confident predictions can be made about the role of STX in this sturgeon mortality event.
Although this is the first reported shortnose sturgeon mortality event associated with a HAB, the timing and location of their foraging activities suggest this endangered species may be repeatedly exposed to STX via their food web. Seasonal Alexandrium blooms and/or associated PSP toxicity outbreaks on the coasts of Maine, New Hampshire, and Massachusetts have occurred virtually every year since 1972, and typically occur between June and August (Anderson 1997) . This period coincides with the shortnose sturgeon feeding season, when they utilize estuarine and bay habitats during the summer and early autumn (May to October) for foraging (Dadswell et al. 1984) . Furthermore, shortnose sturgeon in Maine are also known to utilize fully saline coastal habitats during the May to July season, including the Kennebec River where the mortality event presented here occurred (Fernandes et al. 2010 ). This spatial and temporal overlap may pose a significant threat to shortnose sturgeon populations inhabiting these waters.
HAB toxins can often manifest their negative impacts on marine wildlife through dramatic and conspicuous events like mass mortalities, but chronic and sub-lethal effects have also been proposed to play a significant ecological role in various protected marine species (Durbin et al. 2002 , Brodie et al. 2006 , Goldstein et al. 2008 . For example, North Atlantic right whales inhabiting the Bay of Fundy and nearby waters have experienced a decline in reproductive success in recent years; this decline is suspected to be related to chronic exposure to toxins produced during Alexandrium blooms in the region. Doucette et al. (2006a) found a significant negative correlation between yearly maximum Alexandrium counts and right whale calving rates, as well as between PSP shellfish toxicity level and calving rates. If similar sub-acute, population-level impacts are in effect in the shortnose sturgeon population, the consequences could be severe for this already depleted species. Given the endangered status of the shortnose sturgeon population inhabiting this region, together with the potential for STX-contaminated bivalve prey acting as toxin vectors to these fish, our study highlights the need for a more systematic investigation of HAB toxin exposure in New England shortnose sturgeon. assistance with sample collection and other logistical support. This publication does not constitute an endorsement of any commercial product or intend to be an opinion beyond scientific or other results obtained by the National Oceanic and Atmospheric Administration (NOAA). No reference shall be made to NOAA, or this publication furnished by NOAA, to any advertising or sales promotion which would indicate or imply that NOAA recommends or endorses any proprietary product mentioned herein, or which has as its purpose an interest to cause the advertised product to be used or purchased because of this publication. 
